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LVIII.—On Phenocrysts of Micropegmatite. By JOHN S. FLETT, 
M.B., B.Sc., Edin. (Plate XXVII . ) 

(Read 21st April 1898.) 

THE occurrence of phenocrysts of micropegmatite in acid igneous 
rocks is of sufficient rarity to make, every new observation 
worth placing on record. In two cases they are known to be 
present in British rocks—in the ancient felsite of Woodwick, 
near Fishguard, Pembrokeshire, as shown by Mr F. E. Cowper 
Reed, F.G.S.,1 and in the granophyric quartz-porphyries of the 
Cheviots mentioned by Mr Harker 2 as shown him by Mr Kynas-
ton. From America Professor Iddings has described two 
occurrences, one from the recent rhyolite of obsidian cliff, the 
other from the rhyolites of the Eureka district.3 In Zirkers 
"Lehrbuch der Petrographie," ed. 2, several instances are cited 
(p. 150 and p. 223), but he takes occasion to remark on their great 
rarity. As they have come under my notice iu three different 
rocks within a comparatively short time, it is probable that 
after all they are more common than is generally believed, as 
certainly they are of wide distribution in acid rocks of hemicry-
stalline character. 

In a slide of the well-known Liparite of Hlinik in Hungary, 
in the Edinburgh University Collection, occurs a single section 
of a micropegmatite phenocryst. In the many slides of this 
rock I have examined I have found no other. In ordinary 
light it exactly resembles the corroded and broken sanidine 
crystals which are abundant in the rock. Its outlines are 
irregular, but not more irregular than theirs. But in polarised 
light it is seen to be a sanidine with the characteristic cleavage 
cracks and penetrated by numerous inclusions of quartz, some 
of which are triangular but others shaped like the letter L 
(see pi. xxvii., fig. 1). These extinguish simultaneously and 
yield the same polarisation colours throughout, with the excep
tion of three or four which seem to have also a common ex
tinction differing very slightly from that of the majority. Both 
quartz and sanidine contain glass cavities filled with the brown 

1 Reed, Quart. Jour. Geol. Soc, vol. li. p. 162. 
2 Harker's " Petrology for Students," ed. 2, p. 110. 
3 Iddings, 7th Annual Report of the U.S. Geological Survey, p. 274, pi. xv. 

Iddings, Monograph xx., U.S. Geological Survey, p. 375, pi. v. fig. 2. 
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glass which forms the rock matrix. Felspar forms the chief 
part of the aggregate and envelopes the quartz, but the irregular 
border is formed by the edges of areas of both minerals, and 
there seems to have been no final rim of felspar, or if formed, it 
has been removed by the corrosion to which the phenocrysts 
have been subjected. 

The pink felsite of the Black Hill, Pentlauds, is a rock well-
known to Edinburgh geologists. It forms a mass intrusive into 
the Old Bed Sandstone series, and the specimens examined were 
mostly collected from the outcrop on the left side of the path 
from Bavelaw to Loganlee Beservoir. It is sometimes lustrous 
and very fresh in appearance, but in other cases dull and 
spotted with small pale spots. It was found that the latter 
specimens, were comparatively rich in micropegmatite pheno
crysts, which were less common in the lustrous rock. Micro
scopic sections show that this is a microgranite with a holo-
crystalline ground mass consisting of small, irregular-shaped 
graius of quartz and orthoclase, stained red with a deposit of 
limonite and haematite, and filled with small flakes of rnusco-
vite, probably of secondary origin. Orthoclase, plagioclase 
and quartz are present as porphyritic crystals, never of large 
size. The former presence of biotite is indicated by occasional 
pseudomorphs of chlorite filled with rutile (sagenite) and other 
dark substances, and showing the outlines and cleavage of dark 
mica, and in^a few cases the mineral is sufficiently fresh to 
show its optical properties and pleochroic halos. 

In this rock phenocrysts of micropegmatite are very numerous 
and of relatively large size, and in most respects closely resemble 
those described by Iddings from the Eureka district, Nevada 
(see pi. xxvii., figs. 2,3, 4). The intergrowth of quartz and felspar 
is on a scale so minute that the thinnest sections are required to 
render it evident. Many of these crystals are compound and 
consist of a group of individuals joined together and radiating 
from a common centre. Here and there occur masses of quite 
irregular outlines resembling some of those figured by Mr 
Cowper Eeed. Comparatively few show any trace of the 
outlines of quartz, but some have a lozenge-shaped outline 
resembling the section of a double hexagonal pyramid, and in 
these the extinction is parallel to the diagonals. Felspar is 
here again the dominating mineral and forms the matrix in 
which the quartz lies embedded in masses generally of 
wedge-shaped outline, and the most perfect phenocrysts are 
those which clearly show the outlines of orthoclase felspar. 
(See pi. xxvii, fig. 4.) 

The faces commonly represented are 110, 010, 001, 101, 
(Z, M P, x), and Carlsbad twinning is frequent. The crystals 
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are tabular on the clinopinakoid. The felspar forms also in 
many cases a clear border around the phenocryst, which is so 
fresh and unweathered as to be difficult to distinguish from 
quartz except by using a gypsum plate. A similar border is 
found around many of the ordinary felspars of the rock, and to 
the presence of this rim of later felspar must no doubt be 
ascribed the very great perfection in which the micropegmatite 
phenocrysts show the outlines of felspar. It indicates also a 
complete absence of chemical resorption during the later stages 
of consolidation which is rather unusual. 

The felspar of these aggregates is never plagioclase though 
that is not unfrequent in the rock. In a few cases, however, a 
small plagioclase has been found to form a nucleus around 
which micropegmatite has crystallised. More usually, an ortho
clase forms such a nucleus, though most -commonly there is 
none, and the aggregate consists simply of micropegmatite 
with a peripheral zone of clear felspar. 

In the consolidation of this rock the following have obviously 
been the stages— 

I. Crystallisation of mica, plagioclase, orthoclase, quartz, as 
phenocrysts. 

II. Formation of micropegmatite by simultaneous separation 
of quartz and orthoclase from the magma, deposition 
having taken place around pre-existing felspars in some 
cases but not in others. The crystallisation of the 
felspar has out-lasted that of the quartz. 

III. Formation of the microgranitic ground mass. 
If we compare this with other rocks showing graphic inter-

growths of quartz and felspar we have the three following 
types: — 

a. In which the whole rock is graphic, e.g., graphic granite. 
Stage II. 

b. In which the graphic structure is confined to the ground 
mass while the rest of the rock is crystalline. This is 
the usual type and represents Stages I. and II. above, e.g., 
granophyre, many granites, etc. 

c. The type represented by the Black Hill Felsite, in which 
the formation of micropegmatite is merely an episode in 
the rock's history, and does not continue till consolida
tion is complete. This seems to be exceptional in the 
natural history of igneous rocks. The micropegmatite 
may form irregularly shaped aggregates—though these are 
possibly corroded phenocrysts—or may have the outlines 
of felspar, as that is usually the dominating mineral, 
and is the last to cease crystallising. 
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A point of great interest in these micropegmatite aggregates 
is their very perfect hour-glass structure (figs. 2,3,5), which, when 
the intergrowth is on a minute scale, closely imitates that of 
many rock-forming minerals, such especially as occurs in the 
augites of basic rocks. This results from the shape and dis
position of the areas of quartz, which are elongated with their 
long axes perpendicular to the four faces by ^hich the crystals 
are usually bounded, as seen in section. Hence in such a 
section the quartz strings tie approximately in two systems 
crossing at right angles. A similar appearance may be obtained 
by taking a piece of notepaper and drawing lines on it perpen
dicular to its sides. If two diagonals be then drawn from «corner 
to corner these will form the boundaries of four areas, the oppo
site two being similar, while any contiguous two are dissimilar. 
Unlike the " spherulites " of many granophyres these strings of 
quartz are'not truly radiate in disposition. During the whole 
history of these growths they must have preserved crystalline 
outlines, the boundaries being similar to, those shown by the 
completed structure, and the outermost layer consisting of 
patches of quartz alternating with felspar. As the crystal 
enlarged, these areas must have gradually broadened, hence the 
generally wedge shape of the quartz patches, the apex being 
inwards, the base outwards. New areas of quartz were also 
occasionally formed, as there are more wedges in the periphery 
than in the centre of the crystal. In some cases this structure 
is not very perfect, the quartz in places having an irregular 
arrangement, but in many it is very marked, and the 
specimens figured by Iddings show the same feature. This 
suggests that the hour-glass structure of many apparently 
simple minerals may have the same explanation. Such cry
stals are generally regarded as having first been hollow, 
like " hopper-shaped " crystals of rock salt or hollow ice cry
stals, the result of a more rapid growth of the edges than of the 
•centre of the faces, and subsequently to have had these spaces 
filled up with a deposit of slightly different composition and 
optical properties. To this theory of their origin there is an 
obvious objection that crystals with hollow ends are most usual 
in the minute crystallites of glassy rocks, and are never of such 
size as the large hour-glass crystals, and it would have been 
naturally expected that crystals with ends imperfectly filled up 
should be not uncommon. But these crystals are not really 
simple, but consist of isomorphous admixture of two or more 
allied minerals, as is seen also by their general zonal structure. 
If then we suppose those minerals to have intergrown in the 
same way as the quartz and felspar in the micropegmatite 
aggregates, the one lying in strings and wedges imbedded in the 
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other, and these to lie mostly perpendicular to the faces which 
bound the crystal, we have an explanation which at any rate is 
in accordance with the observed facts. That the microscope 
does not reveal such a structure in the case of hour-glass 
augites and other minerals, may be due to the fact that the 
component isomorphous silicates do not differ so markedly in 
optical characters as do quartz and felspar, and also to the 
structure being, as in many cryptoperthite felspars, ultra-
microscopic in minuteness, as some of the micropegmatite 
aggregates in this rock in all probability are. 

Another question of great interest raised by these structures 
is whether there exists any definite relationship in the relative 
positions of the crystallographic axes of the minerals composing 
them. In two minerals so closely associated it is more usual to 
find that some method of parallel growth is present than 
the contrary, as, for example, between muscovite and biotite, 
orthoclase and plagioclase, hornblende, augite, and hypersthene. 
Here the minuteness of structure baffled all attempts to get 
satisfactory interference figures to settle the point, as was found 
also by Iddings in the Nevada rocks. But it is worth observing 
that should a parallel growth between them exist, it can only 
be of one kind. Many of the felspars are Carlsbad twinned, 
and throughout a section of these the quartz extinguishes often 
simultaneously. The principal axis then of the quartz must 
have such a position in the felspar that it is not modified in 
direction by the twinning. Three directions are the same for 
both halves of a Carlsbad twin, one being that of the axis of 
the prism zone, another perpendicular to it and the clinopina-
koid—the orthodiagonal; and a third perpendicular to those 
two, the normal to the orthopinakoid, and to one of these the 
principal axis of the quartz must in such a case be parallel. 
But it is far more likely that there is no definite relationship 
between the axes of the two minerals, and that quartz may 
intergrow with felspar in any position. This conclusion is 
necessitated by the fact that in one felspar certain areas of 
quartz may extinguish in one position, others in another, and 
between these positions no evident connection may be made 
out. In felspar sections, which, as far as can be ascertained, 
are as nearly as possible in parallel directions, the extinction of 
these sets of quartz patches may vary widely from one another. 
Such could not be the case in a parallel growth after the law 
just explained, and as no other directions satisfy the necessary 
conditions, it seems proved that the relationship between the 
two minerals is an entirely arbitrary one, however much their 
intimate association and frequent intergrowth may predispose 
us to a contrary conclusion. 
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Phenocrysts of micropegmatite occur also in the quartz-
porphyry ("Felsophyre") of Nbssen, Saxony, and, as will be 
seen from the photograph (plate xxvii., fig. 5), they show an 
almost complete resemblance to those of the Black Hill felsite. 
Here we have the same hour-glass structure resulting from the 
regular disposition of the quartz wedges in two. systems, with 
their axes perpendicular to the four principal faces of the 
crystal. The micropegmatite is much coarser than in the 
Scottish rock. The outlines of the crystal are obviously those 
of felspar, though, owing to the absence of a felspar rim, the 
idiomorphism is not complete, the margin being largely com
posed of quartz grains of irregular shape and orientation. The 
formation of quartz has in this case outlasted that of felspar, 
without leaving any trace of the outlines of quartz in the 
aggregate. In polarised light the felspar as a whole has a 
uniform extinction, but this is only roughly true of the quartz, 
certain areas of which extinguish in a slightly different position 
from the remainder. 

PLATE XXVII. 

Fig. 1.—Corroded micropegmatite phenocryst from the Liparite of Hlinik, 
Hungary, magnified 15 diams. 

Fig. 2.—Micropegmatite phenocryst from Black Hill, Pentlands, x 35 diams. 
The section passes traversely across the end of an hour-glass crystal. It 
consists of five areas, four of which are marginal, and in each the quartz 
lies in strings perpendicular to the face of the crystal. In the central 
area the quartz strings are cut obliquely, being perpendicular to a face 
not seen in section, and roughly parallel to the plane of the slice. 

Fig. 3.— Do. magnified 35 diameters, a longitudinal section of an 
hour-glass crystal showing four marginal areas, and in the centre a small 
patch which is the hour-glass segment of one of the faces parallel to the 
plane of section, cut transversely. 

Fig. 4.— Do. part of a large phenocryst, x 25 diameters. (From a 
section kindly given me by Mr Allan M. Douglas.) 

Fig. 5.—From the Felsophyre of Nossen, Saxony, x 16 diameters. 
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